Essential oil was hydrodistilled from the Australian Wilga, botanically named G. parviflora Lindl., (Rutaceae). Fresh and aged essential oils were characterized using GC-MS, quantified using GC-FID and screened for bacterial inhibition qualitatively using disc diffusion and quantitatively using micro-titer plate broth dilution. To identify components responsible for bacterial inhibition, TLC-bioautography was used. Free radical scavenging capacity was determined using diphenylpicrylhydrazyl in methanol, and solvent extracts of the leaves using light petroleum, acetone and water were screened for qualitative pharmacological properties, as well as extracts produced by smoking the leaves and channeling into a condenser. Results showed that all essential oils extracted here conform broadly in composition to a previous identified chemotype with α-pinene, camphene and sabinene as the main constituents. As the essential oils age, polymerization of peroxide intermediates produced epoxycaryophyllene in at least one of our samples. The fresh oil showed only a modest level of antibacterial activity, but this became pronounced as the oil aged in storage, which resulted from a chemical change in the oil during years of storage at 4˚C. Bioautography revealed that the antimicrobial capacity of the fresh oil may be attributed to its less abundant constituents, mainly α-terpineol, terpinen-4-ol, spathulenol, 1,8-cineole and camphor. The solvent extracts of the leaves revealed the presence of saponins, triterpenoids and alkaloids. The last two of these were also present in the smoke extract.
Geijera parviflora Lindl. (Rutaceae) is a native Australian plant widely distributed across the states of New South Wales and Queensland and also occurring in South Australia. It grows into a shrub or small tree commonly from three to seven meters in height. Foliage typically produces a distinctive scent when the leaves are crushed. This scent can vary at different times of the year, suggested to reflect seasonal changes in rainfall [1a] . For ceremonial applications, Aboriginal Australians traditionally baked the leaves of G. parviflora, then powdered and mixed them with other plant material before smoking to induce a form of intoxication or drowsiness [1b] . Crushed leaves were also used as a topical treatment to numb pain, particularly tooth ache [2] . The contribution of essential oils to these presumed pharmacological effects is uncertain.
A variety of common names have been given to G. parviflora on the basis of changes in scent from the leaves (reported by Everest and cited by Brophy et al. [1a] ). Everest reported two chemovarieties presumed to correspond with regions of lesser and greater annual rainfall and commonly named Tree Wilga and Lavender Bush, respectively. The latter chemotype is not readily eaten by stock animals in farming environments. Preliminary investigation was undertaken by Penfold (cited and expanded by Lahey and MacLeod [3] ). Lahey and MacLeod [3] reported that none of the essential oils are known to be toxic. The relative unpalatability of the leaves to sheep could possibly result from the presence of the coumarin, dehydrogeijerin [3] . Although Everest reported only two chemotypes, more were later identified by Brophy et al. [1a] , who identified four main chemotypes. The first showed major components of geijerene (26.2%), pregeijerene (14%) and linalool (19.3%). The second was dominated by linalool (29%), β-caryophyllene (9.1%) and three isomers of eudesmol up to 25.7%. The fourth contained phloroacetophenone dimethyl ether (55%), spathulenol (20%), globulol (6.4%) and viridiflorol (2.2%). All essential oil bearing leaf specimens collected in the present study belong to the third chemotype described by Brophy et al. [1a] with α-pinene (34.2%), camphene (31.9%), sabinene (3.4%), myrcene (4.2%), limonene (5.8%) and linalool (3.3%) as the dominant constituents. Brophy et al. [1a] collected specimens from the third chemotype within the geographical perimeter of collections mentioned in the present study. Thus, it is likely that characterization in this study extends the known geographical range of this third chemotype. Table 2 presents results from broth dilution using a range of essential oils from G. parviflora. Results indicate a moderate capacity to inhibit across a range of target organisms. Evidently this capacity is increased as the oil ages. This increased inhibitory capacity of aged oils was also noted when oils were used in the disc diffusion assay (Table 3 ). Characterization and quantification of the essential oils is presented in Table 4 . These data show that the composition conforms to that of the third chemotype described by Brophy et al. [1a] , detailing the main constituents as α-pinene, camphene, sabinene, myrcene, limonene and linalool. Data in Table 4 demonstrate that essential oil composition changes, as one travels west in New South Wales, showing an increase in camphor, linalool and 1,8-cineole. Borneol was identified in south and western specimens also, an observation which was not described by Brophy et al. [1a] . Table 5 gives a comparison of essential oil composition of the fresh oil, with the same essential oil after several years in storage. The comparison in Table 5 gives a clear picture of the consequential change in essential oil composition following several years of storage. Most notable is the formation of a sesquiterpene not previously present in the oil from sample NS48. This sesquiterpene, epoxycaryophyllene, or caryophyllene oxide, occurs as nearly 8% of the total essential oil, as determined using GC-FID. The caryophyllene precursor is present in the younger essential oil (Table 4) and presumably oxidation over time results in the formation of epoxycaryophyllene. The presence of caryophyllene in this fresh essential oil from G. parviflora is the first incidence of a sesquiterpene being identified in the third chemotype in such a high abundance.
Data in
Additional constituents identified in NS48 aged oil, but not included in Table 5 , were linear alkanes ranging from n-heneicosane to n-nonacosane and additional minor constituents were noted not previously described in essential oils from G. parviflora. These were α-cubebene, copaene, aromadendrene, allo-aromadendrene, γ-cadinene, α-muurolene, α-amorphene, cadina-1,3,5-triene, epizonarene, α-calacorene, β-selinene, α-cadinol, cadalene, longifoldenaldehyde and cyclotetradecane. In general, extracts contain triterpenoids, phenols and alkaloids (Table 6 ). While the presence of alkaloids in the acetone extract is not surprising, the demonstration of alkaloids in the smoking extracts may be significant. With regard to the test for alkaloids in the smoking extract, a smaller positive reaction occurred in the control without the reagent, but became pronounced when Wagner's reagent was added. Due to the difficulty in interpreting this result, some clarification will be required in a later study. Figure 3 demonstrates a moderate capacity of the essential oils to quench DPPH radicals. Essential oils from specimens collected in the region surrounding Bourke showed a reduced capacity to inhibit by comparison with oils from other locations. Apart from a higher quantity of sabinene, it is unclear from the composition of the essential oils why this would occur. It is unclear if age affected the oil's ability to scavenge free radicals. Aged oil NS48 showed a reduced ability and aged oil NS14 showed an above average ability, but it is unclear if this behavior would manifest in fresh oils from the same specimen.
Bioautography of the G. parviflora essential oils showed the large difference in antimicrobial activity between fresh NS14 in comparison with that of the aged oil. This is also reflected in the MIC results. Together they support the likelihood that a variety of new chemically altered constituents are responsible for the increased bioactivity of the aged oil.
The bioautographs for fresh essential oils from the third chemotype of G. parviflora collected from a variety of geographical sites show Essential oils of Geijera parviflora Natural Product Communications Vol. 8 (6) 2013 749 Figure 3 : DPPH scavenging ability of G. parviflora essential oils in μg per μL of essential oil. All oils were fresh except NS14 and NS48, which were aged two and three years respectively. Positive controls in this experiment were ascorbic acid and trolox, which quenched DPPH at a stoichiometric ratio (Control mg/DPPH mg) of 0.46 and 0.22, respectively. that the antimicrobial capacity might not be related to the dominant constituents, which were camphene and α-pinene. Whereas NS24, NS26 and NS43 show roughly similar patterns, in NS46, collected from within the Hunter Valley, terpenen-4-ol and spathulenol constituted the largest zones of inhibition. With regard to the antimicrobial activity of the essential oils, a moderate antimicrobial capacity suggests that the plant may be of use for topical application if no other more efficient antimicrobial plant material is available. Such more efficient material would include the leaves of Eremophila duttonii [4a] . Leaves from other chemotypes of G. parviflora might be more useful in this regard. The bioautography results suggest that the most abundant components contribute relatively poorly toward the overall inhibition. Camphene and α-pinene were not identified in any inhibition zone by TLC-bioautography against microbial species S. aureus although these components may be effective against other organisms. If essential oils were examined from other chemotypes dominated by coumarins, monoterpenols and other sesquiterpenes, investigation for antimicrobial capacity may produce surprising new results. This warrants further investigation. The enhanced antimicrobial capacity of aged oils demonstrated here probably does not relate to the traditional use of the plant. However, if polymerization and epoxide formation typically follows the oxidation of essential oil constituents, it would be interesting to note if this would occur during degradation of leaf material at the base of the tree. The relevance of this would be to establish a known interaction between composting organisms in leaf litter and subsequent essential oil products from the degradation process.
With regard to the possible role of essential oils in the psychoactivity of G. parviflora, research on essential oils from plants with confirmed psychotomimetic activity have uncovered constituents expected to be responsible for this activity. The most famous of these is nutmeg (Myristica fragrans (Myristicaceae)). The psychoactive components are in fact components of the essential oils, including myristicin, safrole and elemicin [4b] . Elemicin was identified in the essential oil of one of the G. parviflora specimens characterized in this report (NS46); however, it was present at a concentration that is too low to be expected to produce psychoactive effects. The method used by Aboriginal Australians to achieve psychoactivity from G. parviflora required smoking the plant's leaves [1b] . It is possible that smoking the leaves of G. parviflora would release greater quantities of psychoactive phenylpropanoid Sadgrove & Jones components, including elemicin, than by the distillation method described in this study. Additionally, burning leaves may release triterpenoids, as already shown qualitatively in Table 6 , or diterpenoids that are difficult to extract by hydrodistillation. This possibility has already been confirmed in frankincense (Boswellia spp.), as mentioned above [4c] . With regard to the contribution of essential oils to the analgesia reported in ethnopharmacological records of G. parviflora, it is doubtful that these oils, particularly from the third chemotype, include the principal agents responsible.
Having said this, essential oils characterized here do include components reported to be analgesic, but this activity is restricted to the less abundant constituents, such as 1,8-cineole, linalool and borneol [5] . These constituents are unlikely to contribute to general anesthesia, but may be involved in the local analgesia involved in the description for plant usage, particularly toothache [1b] . Another possibility not yet explored is geographical specificity of traditional pharmacological use by Aborigines. It is possible that the use of G. parviflora for local analgesia was confined to geographical regions corresponding to Brophy's second chemotype, with linalool as a major constituent [1a] . As well as being an analgesic, linalool has been shown to have sedative effects in animal experiments [6] and physiological effects in humans consistent with sedation, though no psychoactive changes were reported from the human participants [7] . With regard to potential areas for further research, in the present study, testing for the presence of leaf alkaloids produced a positive reaction, most pronounced in the acetone extract, but to a lesser extent in the extracts produced by smoking (Table 6 ). This may be interesting, particularly with regard to psychoactivity. Although at present we do not know the identity of these putative alkaloid compounds, the furoquinolines, skimmianine and fagarine, have been extracted from many specimens across the Rutaceae family, including G. salicifolia, which produced two other isopropyldihydrofuroquinolines, platydesmine and platydesmine acetate [8a] .
Brophy et al. demonstrated significant phytochemical similarities between G. salicifolia and G. parviflora, with regard to the essential oil [1a] . Other phytochemical components may also reflect this similarity. Therefore, this might warrant an investigation for the presence of these same alkaloids in G. parviflora leaves. The potential role of these alkaloids in producing the mind-altering effects from smoking is qualified only if the presence of these same alkaloids can be confirmed in the extracts produced by smoking, using techniques similar to those used in this study. Due to uncertainties in interpretation of the results of the qualitative phytochemical tests conducted in this study, specifically with regard to the presence of alkaloids in the smoked extracts, it may be worth investigating this possibility in greater detail in further studies. In conclusion, Geijera parviflora essential oils from the third chemotype described by Brophy et al. [1a] exhibit a moderate antimicrobial capacity, which The can be attributed to the minor constituents and not to the major components, camphene or α-pinene.
Experimental
Leaf collection, oil distillation and characterization: Geijera parviflora specimens were collected from various endemic growing locations in western New South Wales (NSW), Australia. Corresponding voucher specimens NJSadgrove14, 24, 26, 29, 43, 45, 46, 47 and 48 were lodged with the N.C.W Beadle Herbarium at the University of New England, Armidale, NSW, Australia.
Coordinates of voucher collections are presented in Table 1 and visualized in Figure 1 .
Essential oils were hydrodistilled using approximately 600 g of green leaves (fresh, undried). Leaves were removed from twigs, then chopped into 0.5 mm fragments and placed into a 5 L round bottomed flask with 2.5 L of deionised distilled water (ddH 2 0). Leaves were heated for 2 h using a 6 L electric mantle and the steam/oil mix was condensed and collected in a 500 mL separating funnel. Oils were separated from the hydrosol and stored away from light at 4˚C until used. Prior to GC-MS analysis the oils were dried to remove hydrosol emulsions using anhydrous Na 2 SO 4 powder (0.5 g in 10 mL oil) for more than 24 h. Oils were dissolved in dichloromethane (DCM) at a ratio of 1:1000. Identification was performed by comparison of mass spectra with an electronic library database (NIST08) and confirmed using comparison of temperature programmed retention indices [8b] with published values. Most discrepancies in identification were resolved by comparison of mass spectra with a second library [8c] . Analyses were performed using a HP 6890 gas chromatograph coupled with a HP 5973 mass selective detector. An autosampler unit (HP 7673 -8 positions) was used to perform the 1 μL injections. Separation was accomplished with a HP-5MS column. Operating conditions were as follows: Injector: split ratio 25:1; temperature: 250˚C; carrier gas: helium, 1.0 mL/min, constant flow; column temperature, 60˚C (no hold), 3˚C per min then @ 280 held 4 min. MS was acquired at -70 eV using a mass scan range of 45 -300 m/z.
Quantification of essential oils:
Quantification was determined using gas chromatography coupled with flame ionization detection (GC-FID). n-Decane was used as an internal marker for further quantification. Analyses were performed using a Varian 3300 gas chromatograph. Separation was accomplished with a Phenomenex ZB-5MS column (30m × 0.25 mm i.d., 0.25 μm phase thickness). Operating conditions were as follows: Injector: split turned on; temperature: 250°C; carrier gas: helium, 4.5 mL/min, constant flow; column temperature, initially 50°C, 50-150°C at 10°C/min, 150°C held for 10 min.
Smoke and solvent extraction. Qualitative phytochemical characters: Smoke extracts were produced in the same manner as described by Braithwaite [9a] , with the following modifications ( Figure 2) . A glass tube was used to deliver oxygen to the smouldering cinders produced when the leaves were heated in a round bottomed flask over a mantle. The subsequent smoke was first channelled through a vertically secured condenser, which was cooled using only tap water (approx. 15˚C). Below the condenser was an air-tight flask with 30 mL methanol: acetone (1:1). Above the flask was a horizontal outlet which graduated until vertical and narrowed until 5 mm in diameter into 100 mL methanol: acetone (1:1) housed in an air-tight round bottom flask, situated in an ice bath of saturated NaCl at -20˚C. A vacuum was created in this flask using a water pump, drawing the smoke from its source, through the condenser and bubbled into the solvent. Two fractions were collected, one from the condenser and the other from bubbling through the solvent maintained at -20˚C. A third fraction was produced by combining the two. Solvent extracts were produced by crushing freeze dried leaves into a powder than combining 5 g powder with 30 mL of the relevant solvent; water, acetone or light petroleum. All extracts were screened for qualitative phytochemical characters using the methods outlined by Vesoul and Cock [19b] .
Antimicrobial activity: Disc diffusions were performed as outlined by the CLSI [10] using 2 µL of undiluted oil applied to discs. Plate inoculations were taken from 0.9% w/v saline with microbial colonies taken from agar working stocks and adjusted to match a 0.5 McFarland BaSO 4 Turbidity Standard [11] . Tetracycline discs (10 μg) were used as the positive control. Disc diffusions were Essential oils of Geijera parviflora Natural Product Communications Vol. 8 (6) 2013 751 completed in duplicate. Results were taken by measuring the radius of the zone of inhibition in mm starting from the perimeter of the disc. Minimum inhibitory concentrations (MIC) of the oils were determined using a micro-titer plate two-fold broth dilution method [12a] with the following modifications. Oil emulsions were prepared by vortexing a measured combination of oil and the appropriate broth with 0.15% w/w agar [12b] . Most species were assayed in Tryptone Soya Broth (TSB) containing 0.15% w/w agar, with the exception of C. albicans, which required YEP broth. Broth dilutions were executed using 96-well plates.
Inoculation was prepared by collecting colonies from fresh working stocks and dispensing into 0.9% w/v NaCl and diluting to match a 0.5 McFarland BaSO 4 Turbidity Standard [11] using a spectrophotometer at 600 nm (or 530 nm for C. albicans). To achieve a final inoculation concentration of 5 × 10 5 the adjusted saline suspension was diluted into 40 volumes of the appropriate medium and 20 µL was used to inoculate 80 µL of media bringing the total volume to 100 µL and reducing the essential oil concentration to the appropriate target. Following inoculation the 96-well plates were sealed using parafilm and placed into an incubator at 37˚C for approximately 20 h before dispensing 40 µL of sterile 0.2 mg/mL p-iodonitrotetrazolium dye and examining for color changes, which indicated organism growth. Positive inhibition controls included tetracycline for bacterial growth and nystatin for C. albicans.
Antioxidant activity:
The method used to assess free radical scavenging activity was the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method described by Brand-Williams et al. [12c] , with the following modifications. Assay volumes were 2 mL and kept in 4 mL cuvettes, which were sealed with parafilm to slow the evaporation of methanol. Assay concentrations of DPPH were aimed at 12-15 mg/L, but actual concentrations were later determined using the calculations proposed by Szabo et al. [12d] . Spectrophotometer readings were taken at 517 nm after 12 h. Results are presented as μg DPPH reduced for every μL of essential oil.
TLC bioautography: Oils were applied undiluted at 5 µL volume to aluminum backed silica thin layer chromatography (TLC) plates (Merck kieselgel 60 F254). The solvent system was 90% toluene 10% ethyl acetate, v/v. The solvent chamber was allowed to equilibrate for 30 min before plates were inserted. Following separation the plates were air dried for 2 h to allow solvent to completely evaporate prior to overlay with the target organism in agar. The bioautography was prepared in sterile conditions with Staphylococcus aureus (ATCC 29213) as the target organism overlay in agar (1.5%, w/w). Nutrient agar was maintained as a liquid after autoclaving by placing into a shaking water bath at 45°C. The agar was seeded with 100 mg/L p-iodonitrotetrazolium dye then inoculated with the test organism after matching to a 0.5 McFarland BaSO 4 turbidity standard in saline. Inoculations used saline at approximately the same temperature as the agar (otherwise the organism was not viable). Seeded agar was set over the TLC plate covering a thickness of not more than 3 mm and incubation proceeded for 20 h at 38°C before inspection.
Zones of inhibition appeared as clearing zones on a red background and were matched to zones in corresponding TLC plates run in tandem and stained with vanillin (15 g vanillin: 250 mL ethanol: 2.5 mL conc. H 2 SO 4 ). Scrapings were taken from a third set of unstained plates run in tandem using Rf values for preliminary identification. Scrapings were immediately dissolved in ethyl acetate before separation and identification via GC-MS to identify compounds responsible for inhibition.
